SWELLING POTENTIAL OF THE RESIDUAL SOIL, BASED ON PLASTICITY INDEX VALUE AT MUAROSIJUNJUNG, WEST SUMATERA by Faiq NIRMALA & Yanwar Yusup RUKMANA
SWELLING POTENTIAL OF THE RESIDUAL SOIL, BASED ON 
PLASTICITY INDEX VALUE AT MUAROSIJUNJUNG, WEST 
SUMATERA 
Faiq NIRMALA* and Yanwar Yusup RUKMANA 
Faculty of Geological Engineering, Universitas Padjadjaran, INDONESIA 
*Corresponding Author: faiq16002@mail.unpad.ac.id
Abstract 
Muarosijunjung area is located in Sijunjung district, West Sumatra. Sijunjung is a region rich in 
natural resources, especially in mining sectors such as coal and gold mining. Moreover, according to 
the results of the geological survey conducted by the Ministry of Energy and Natural Resources, 
Sijunjung also have a large gas and oil reserves. Therefore, it is necessary to do in depth 
investigation about engineering aspects of Soil and rocks in the area to support the soil bearing 
capacity factor for supporting oil and gas exploration and exploitation activities in the future. The 
Swelling potential is an ability of a soil or rock to expand and shrink when the water saturation 
changed (John D Nelson, 1992). A high Swelling Potential condition can affect the value of the soil 
bearing capacity, if the swelling potential value is High then soil bearing capacity value is low, on 
the contrary, if swelling potential value is low, then soil bearing capacity will be high. Swelling 
Potential value affected by the type of clay mineral, water content and Soil Plasticity Index. Four 
existing samples went through Soil and rock properties test to determine grain size analysis and 
plasticity value, after that the samples analyzed to find out expanded-shrinkage potential value 
according to swelling potential equation S = 60 K (PI) 2:44 (seed, et al). The result of swelling 
potential value in the Muarosijunjung area, Padang, especially in siltstone has a low to medium 
swelling potential value with an average range between 1.97% - 10.02%. 
Keywords: Swelling Potential, Plasticity Index, Residual Soil. 
1. INTRODUCTION
Many factors affect the value of bearing capacity of soil. Includes swelling potential of a soil 
itself. One of the causes of swelling potential is plasticity index. To identify swelling potential of 
expansive clay can be done in two ways: indirect identification and direct identification. 
Mineral content such as: montmorilonite, illite, kaolinite, haloysite, vermiculite, and 
attapulgite (Chen, 1975). These minerals have significant volume to change soil properties with 
changes in their moisture content. As water content increases, volume increases. However, when the 
dry season (moisture content) drops, volume comes down. 
As stated by the Office of Highways and the Center for Road Research and Development, the 
problem of this soil type causes damage in many road segments, especially in the surrounding areas 
of Java and Sumatera. 
Expansive soil presses the foundation upward during the process of expanding. If the pressure 
exceeds the strength of the foundation, then the wall, beam, or column above it will fail (geyser, 
2003). Swelling potential is a shrinking ability of a soil or rock when changes in water content (John 
D Nelson, 1992). 
The research area is located in Sijunjung district, West Sumatera (Figure 1). Sijunjung district 
is a region with rich in Natural Resources especially in the mining sector, Coal, gold, and sand. 
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Besides, according to the results of the geological survey conducted by the Ministry of Energy and 
Natural Resources, Sijunjung district has large gas and oil reserves. If we know about swelling 
potential soil in the research area, it can be used as information for by the developers or the 
goverment. 
2. LITERATURE REVIEW
Geology of Study Area 
The lithology of Sijunjung District consists of metamorphic rocks (miarit, filit, 
limestone) perm-carbon aged which is spread over the east. The rocks are penetrated by 
granite Trias intrusives, especially found in Tanjung Gadang. The tertiary sedimentary rocks 
are composed by sandstone, clay, and shale that unconformable cover over the granite rocks 
around the Muaro region. This region are controled by northwest-southeast reverse fault 
which is the contact between metamorphic and tertiary sedimentary rocks. 
Geotechnical drilling 
The geotechnical drilling for this research was advanced using rotary drilling machine 
and performed with continuous coring technique. The depth of drilling was performed until 
maximum depth 15.0 m and was logged in the field by examining drill cuttings and the 
retrieved samples. Soil samples were obtained from the borehole using thin wall sampler and 
delivered to the laboratory for further examination and testing. Final boring logs were 
prepared based on the field logs, examination samples in the laboratory.  
Soil Sampling 
Open-drive thin walled tube sampling method is used to obtain soft to medium stiff 
cohesive soils. The sampler consists of a thin wall tube attached to a sampler head. The 
sampler head is equipped with a ball valve, which allows water or air above the sample to 
freely escape when the tube is driven into the soil. The ball valve closes the air passage and 
helps to retain the sample when the sampler is pulled out from the ground. To obtain an 
undisturbed soil sample, a clean open borehole is drilled to the desired sampling depth. 
Before the sampling operation, the bottom of the borehole is carefully cleaned and the 
sampler is then lowered to the bottom of the borehole. Both ends of the thin wall tube are 
sealed with paraffin wax immediately after the tube is separated from the sampler head. 
Laboratory Testing 
Soil samples retrieved from the exploratory boring drilled at the site were delivered to 
the soil laboratory test for examination and testing to evaluate their physical characteristics 
and engineering properties. UDS are retrieved from exploratory boring. The tests for soil 
include natural water content, density, Degree Saturation, Porosity, Void ratio, 
atterberglimits and grain size distribution. Engineering properties test: Direct Shear, 
consolidation. 
Swelling Potential 
The development mechanism of swelling soils is complex and influenced by various factors, the 
dominant factor is clay mineral content and soil chemistry (San I C, 2010). According to San I C, 
2010 there are several factors that can cause swelling potential: 
a. Clay mineral
b. Soil with high plasticity :
The 2nd Join Conference of Utsunomiya University and Universitas Padjadjaran, Nov.24,2017
99
• LL (Liquid Limit) >40
• PL (Plasticity Index) > 15
c. The existences of  "active zone", where the weather changes, cause changes in water content
d. The exixtences of  “have” due to oxidation of certain minerals.
Many ways can be used to find out the swelling potential of soil, among them by using the Single
Index method with the equations of Seed, Woodward and Lundgren, 1962 : 
S = 60 K (PI) 2.44 (1) 
K = 3.6 x 10-5  (2) 
Table 1. The relationship of Plasticiti Index with Swelling Potential 
Swelling Potential Indeks 
Plastisitas 
Low 0-10
Medium 10-20
High 20-35
Very High >35
3. METHODOLOGY
In general, this research consists of 3 (three) work groups: (1) Soil Sampling, (2) Laboratory 
test, and (3) Swelling potential value analysis by Single Index method. The soil sampling is taken 
from 4 (four) drilling points with each 2 (two) soil samples at each drill point. Next Step is testing of 
soil properties in the laboratory. In the laboratory tests also conducted Atterbeglimit test to 
determine the value of Plasticity Index that will be used in the classification of swelling potential 
value of soil samples. 
Based on the value of Plasticity Index of soil, then the swelling potential value analysis using 
Single Index method with equation (1). 
4. RESULT AND DISCUSSION
The results of Soil Properties Test shows that samples belong to the classification of soil type are 
CH (Clay High plasticity), CL (Clay Low Plasticity). 
Plasticity index values were obtained from Atterberglimit test (ASTM -D-4318-95) by testing the 
liquid limit, plastic limit, and shrinkage limit. 
Furthermore, the plasticity index value is entered into equation (1) to know the classification of 
its swelling potential value. 
Table 2. The result of Swelling potential classification 
Point Depth (-m) Lithology 
Plasticity Indeks 
(%) 
Swelling 
Potential 
(%) 
Classification 
BH.01 5.00 CL 19.71 3.11 Low 10.00 CL 31.81 10.01 Medium 
BH.02 5.00 CH 23.39 4.73 Low 9.50 CL 31.82 10.02 Medium 
BH.03 5.00 CL 17.69 2.39 Low 10.00 CL 16.35 1.97 Low 
BH.04 5.00 CL 18.47 2.65 Low 10.00 CL 17.31 2.27 Low 
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Figure 1. Location map of study area 
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5. CONCLUSION
From this analysis, it is known that the swelling potential value in the Research Area, 
especially in the residual soil layer has a low to medium swelling potential classification with an 
average of 1.97% - 10.02%. 
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